for evaluation having been previously labeled as having rheumatic mitral disease, and had been on rheumatic penicillin prophylaxis for some time. In both cases, the Jones criteria for the diagnosis of the supposed rheumatic episode were not satisfied in our opinion.
Using a previously described eighth generation research prototype echo and pulsed Doppler unit developed at the Center for Bioengineering at the University of Washington,' or its commercially available offspring,* complete A and M-mode echocardiographic examinations and pulsed Doppler examinations were performed. Youngsters having catheterizations were examined during that hospitalization. The M-mode echocardiographic examination does not significantly differ from standard examinations performed on a routine basis throughout the country. For the purposes of this study, the M-mode examination provides certain anatomic information useful in localization of the pulsed Doppler sample volume, but provides little information useful in distinguishing between VSD and MR. Though the PDE examination has been described elsewhere, it will be briefly summarized here. The pulsed Doppler exam is performed in much the same fashion as the standard M-mode examination, both from suprasternal notch and precordium. The pulsed Doppler transducer emits a beam, with sampling gated at a single, but variable, position in the beam, and could be considered to function as a focused stethoscope. The sample volume has a teardrop shape with dimensions of approximately 2 X 4 mm. The sample volume can be positioned at any point along the beam, and the depth is displayed on both A and M-mode display. While the examination may well be guided by the A-mode echo, the system provides a simultaneous M-mode display for more conventional identification of structures. Also depicted on the M-mode recording is a spectral representation of the Doppler flow signal ( fig. 1 ). This contains information concerning the quality (turbulent vs smooth) and direction ( Doppler sample volume is guided along the entire septum in search of turbulent flow. It is usually possible by remaining in the turbulent jet to then pass the Doppler sample volume through the defect into the left ventricle ( fig. 3 ). In the smaller ventricular septal defects there may be minimal pulmonary artery turbulence, and indeed a thorough examination of the septum may be necessary to localize the turbulent jet and follow it through the septum. Following the turbulent jet through the septum is of some importance in evaluating turbulence localized to the right ventricular outflow tract, since this is the only way to eliminate a diagnosis of infundibular pulmonic stenosis. In the case of apical defects, following the jet through the septum is more difficult but confusion with infundibular pulmonic stenosis should not be a problem. Considerable effort is sometimes required to angle the Doppler sample volume in the correct plane to follow turbulent jets through the septum. In the case of high, membraneous defects, the thickness of septum that must be traversed or "threaded" is minimal, and angulation may not be much of a problem. With apical defects, however, the width of septum that must be "threaded" is considerably greater. This, coupled with the fact that most of the apical defects in this series were small, likely explains our inability to "thread" all of the apical jets through the septum. The ability of PDE to detect VSD depends upon the turbulence of blood flow through the defect, and hence factors which diminish turbulence (such as presence of large VSD with equal ventricular pressures, or elevations of pulmonary resistance) may limit the sensitivity of PDE in certain cases.
Mitral regurgitation is detected by Doppler (fig. 4) .
Results
Of the 18 youngsters who underwent catheterization, PDE indicated the presence of VSD but no MR in 10, MR but no VSD in six, both VSD and MR in one, and no VSD or MR in one. At catheterization, 10/1O with PDE evidence of VSD were found to have VSD, 6/6 with PDE findings of MR had MR, one child had catheterization documentation of both VSD and MR, and the remaining youngster who had undergone catheterization elsewhere for clinically suspected VSD, had no evidence of shunt by hydrogen inhalation. PDE was then sensitive and specific in determining the site of turbulent blood flow in all 17 youngsters whose hemodynamic abnormality could be demonstrated by standard invasive study.
Of the 22 youngsters who did not undergo catheterization, isolated VSD was detected by PDE in 11. These 11, combined with the 10 with catheterization-proven VSD, make a total of 21 youngsters with PDE findings of VSD. Fifteen of the VSD jets were found low in the RV apex, and 12/15 were followed thiough the septum in low, apical position while six were followed through the high portion of the septum. The other eleven youngsters who did not undergo catheterization had PDE findings of MR but no VSD. These, combined with those with catheterization documented isolated MR give a total of 17 youngsters with PDE findings of MR but no VSD. Four of these 17 had M-mode echo evidence of leaflet prolapse, but in 13, the M-mode echo of the mitral valve appeared to be normal. Two youngsters carrying dubious diagnoses of rheumatic fever, in whom the murmur had been felt by others to be mitral in origin, were shown to have apical ventricular septal defects, and no evidence of mitral regurgitation. Pulsed Doppler echocardiography is sensitive and specific in determining the origin of troublesome apical systolic murmurs due to VSD or MR, and in the situations discussed extends noninvasive ultrasound diagnosis beyond the capabilities of M-mode echocardiography.
